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We^ Phoips Electronic and Associated 
Industwbs Limited, of Abacus House, 33 
Gutter Lane, London, RC:2., a British Com- 
pany, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
perfonned, to be particularly described in and 
by the following statement : — 

This invention relates to devices for and 
methods of producing stimulated optical radia- 
tioaeiqission by utili^g flame reactions. Thus 
population mversion is directiy produced in a 
flame. 

It has already been proposed to produce 
in chemically reacting gases, a population in- 
version between two electron energy levels so 
that stinaulated emission of infra-red radiation 
becomes possible. However^ this was proposed 
for gases which have previously been converted 
into the active (dissociated) condition, for ex- 
ample by means of an electric idisdiarge. 

It is faiown that sudi a population inversion 
between higher molecular rotation levels of one 
of the intmiediate products present can occur 
in a reacting mixture of atomic nitrogen and 
methylene chloride so that stimulated emission 
of micro-wave energy would be possible as a 
result 

It is an objea of the invention to provide 
a^ device by means of which stimulated emis- 
sion of radiation can be obtained. 

The invention provides a device for produc- 
ing stimulated optical radiation emission by 
utilising a flame reaction, said device compris- 
ing a gas reaction chamber inside an optical 
resonator for the radiation, and a gas inlet to 
said chamber situated whh its orifice arranged 
substantially parallel to the opucal axis of 
said resonator and means for feeding fuel gases 
containing carbon and hydrogen in a neutral 
condition through said inlet to said chamber 

lFriee4s.6d.] 



at such pressure and in such quantities tiiat 
energy released by the flame reaction results 
m a population inversion between first and se- 
cond electron energy levels in the gases present 45 
or formed in said reaction chamber so that 
stmiulated emission of radiation occurs in 
operation. 

The invention also provides a method of pro- 
ducmg a beam of optical radiation by stimulate 50 
ed emission utilising a flame reaction, said 
method inchiding the step of feeding fuel gases 
contammg carbon and hydrogen m a neutral 
condition to a gas reaction chamber inside an 
optical resonator via a gas inlet situated with 55 
Its orifice arranged substantiaUy parallel to the 
opucal axis of said resonator, the said gases 
bemg fed to said chamber at such pressure 
and m such quantities that energy released by 
tile flame reaction results in a population in- 60 
version between first and second energy levels 
in the gases present or formed in said reaction 
chamber so that stimulated emission of radia- 
tion occurs to produce an output radiation 
beam. ^ 

The term "optical radiation'* used herein m- 
cludes infra-red and ultra-voilet radiation. 

Flame reactions are to be understood herein 
to mclude all self-supporting reactions in gas 
mixtures which occur with die production of 70 
energy to give die desired result of which tiie 
combustion of a gas witii air or oxygen is an 
example. 

In order to obtain an optically homogeneous 
reacuon zone and, to restrict as must as possi- 75 
ble the disuirbing influence of collisions be- 
tween gas molecules, the pressure of the react- 
ing gases is preferably between 1 and 50 mm 
of mercury. 

The ignition of tiie gases may be effected 80 
by nieans of a high frequency discharge in the 
gas mlet which discharge, however, is ended 
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after igniticm of tbe flame; This cxmtrasts msh 
the ^orementioned prior proposals in vhicb 
a supply of excited gases was used. 
The reaction gases may be supplied separ- 

5 ately, or a mixer may be provided for mixing 
the fiid gases prior to their entry into the reac- 
tion chamber. 

A suitable fuel gas is a mixute of acetylene 
with oxygpn. Thfa gives strong emission bands 

10 in die near ultra-violet region and in the visible 
region of the spectrum. 

The fuel gases may indude gaseous metal 
compounds in addition to hydrogen and carbon 
so ihst the metal atoms can be brought to the 

15 state of population inverdon by impacts widi 
high energy molecules. 

An atomiser^ known per se, may be provided 
for atomising a sohmoa of meml compounds 
in the fuel gases. These metals and those men- 

20 tidaed above may comprise a transition metal 
or a rare earth. 

In order that the invention may readfly be 
carried into effect, one embodiment thereof 
vrill now be described in greater detail, by way 

25 of example^ widi reference to the accompany- 
ing diagrammatic drawing. 

The Figures of this drawing show two dif- 
ferent cross-secdons of such a device. 
In Figures 1 and 2> reference numeral 1 is 

SO a cylindrical reaction chamber having a dia- 
meter and a length of, for example, 40 cm. The 
ruction chamber is provided with two quartz 
windows 2 on narrow tubular extensions 3, so 
that they are positioned away frcnn the flame. 

35 The windows are preferably arranged at the 
Brewster angle with the axis of the optical re- 
sonator, which is formed by two mirrors 4. 
Acetylene and oxygen are fed separately to the 
chanber through two glass gas mlet tubes 5, 

40 which are provided with orifices 6, for example 
20 cm long and 0.5 cm wide arranged substan- 
tially parallel to the axis of the resonator. 
These fud gases are fed, for example from 
a cylinder, at a pressure such that the pressure 

45 in the diamber is maintained at approximately 
10 mm of mercury by means of a pump con* 
nected to an exhaust pipe 7. 

With a supply of 20 cm* of acetylene per 
second at 1 atmosphere pressure, and with 

50 complete cconbustion thereof, strong emission 
bands occur in the radiatim observable in the 
optical resonator, inter alia at wavdengths near 
3900, 43C0, 4700, 5100 and 5600 AU. This 
radiation originates £n^ CH-groups and dcfOr 

55 ble^bonded carbon atoms. Also bands occur at 
wavdengths near 2800 and 3100 AU. Hus 
radiation origtn^es from OH-groiq)S. The 
li^ in one or more of these wavdength bsmds 
may be obtained as an output beam in known 

60 manner, for example by making one or more 
of the mirrors 4 pardy transparent. 
WHAT WE CLAIM IS 
1. A device for producing stimulated optical 
radiation emission b^ utilising a flame reaction, 

65 said defice comprismg a gas reaction chunbex 



inside an optical resonator for the radiation 
the gas inlet to said chamber situated with 
its onfice arranged substantially parallel to the 
optical axis of said resonator and means for 
feeding fuel gases containing carbon and by- 70 
d^gen in a neutral condition through said inlet 
to said chamber at such pressure and in such 
quantities that energy released by the £ame 
reaction results in a population inversion be- 
tween first and second electron energy levels 75 
in the gases present or formed in said reaction 
diambar so that stimulated emission of radia- 
tion occurs in operation. 

2. A device as daimed in Claim 1, wherein 
means are provided for causing the pressure 80 
of the reacting gases to lie in the range 1 to 
50mmof mercuiy* 

3. A device as daimed in Claim 1 or 2, 
whecem means are provided for mixing said 
gases prior to thdr entry into the reaction 85 
chamber. 

4. A device as claimed in any of Claims 
Ij 2 or 3 wherein said fuel gases comprise ace- 
tylene and oxygen. 

5. A device as claimed in Claim 1, 2, 3 90 
or 4 wherein said fuel gases mdude gaseous 
metal compoimds. 

6. A device as daimed in any of Claims 
1 to 4 including means for atomising a solution 

of metal compounds in said fiid gases. 95 

7. A device as claimed in Claim 5 or Cbdm 
6, wherein said metal comprises a transition 
metal or rare earth. 

8. A device for producing stimulated light 
emission by utilising a flame reaction, substan- 100 
tially as herein described with reference to the 
accompanying drawing. 

9. A method of producing a beam of optical 
radiation by stimulated emission utilising a 
flame reaction, said method induding the step 105 
of feeding fud gases containing carbon and 
hydrogen in a neutral condition to a gas reac** 
tion chamber inside an optical resonator via 

a gas inlet simated with its orifice arranged 
substantially parallel to the optical axis of said 110 
resonator, the said gases being fed to said 
diamber at such pressure and in such quanti- 
ties that energy rdeased by the flame reaction 
results in a population inversion between first 
and second energy Icvds m the gases present 115 
or formed in said reaction chamber so that 
stimulated emission of radiation occurs , to 
produce an output radiation beam. 

10. A method as daimed in Claim 9 wherein 
said fud gases axe at a pressure in the range 120 
of 1 to 50 mm. of mercury in said chamber. 

11. A method as claimed in Claim 9 or 
Claim 10 wherein said fud gases are mixed 
prior to their entry into the reaction chamber. 

12. A method as daimed in any of Qahns 125 
9> 10 or 11 wherein said fuel gases comprise 
acetylene and oxygen. 

13- A method as claimed in any of Claims 
9 to 12 wherein gaseous metal ccnnpounds are 
mixed with said fud gases. 130 
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14. A method as dauned in any cf rJalma 
9 to 12 wlierem a solution of metal compounds 
is atomised in said fuel gases. 

15. A mediod as claimed in Claim 13 or 
Claim 14 wherein said metal comprises a tran- 
sition metal or rare earth. 

16. A method of producing a beam of opti- 
cal radiation by stimnlated emission utilising 
a flame reaction substantially as described wilS 
reference to the accompanying drawing. 
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